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The e f f e c t s  on LM payload c a p a b i l i t  
o r  decreas ing  Descent Stage (D/S) weights i n  t h e  fou r  pay- 
load quadrants  w e r e  p resented  t o  R.  A .  Petrone on August 2 7 ,  
us ing  t h e  a t t ached  f i g u r e s .  
t h e  center of g r a v i t y  (CG) l o c a t i o n  which e i t h e r  i n c r e a s e s  
o r  decreases  unusable p r o p e l l a n t s ,  which i n  t u r n  d i r e c t l y  
a f f e c t s  t h e  LM performance. 
( f i g u r e  2 )  w a s  used i n  a l l  c a l c u l a t i o n s  s i n c e  e f f e c t s  due t o  

LRV weight changes w e r e  of prime i n t e r e s t .  
f i c a n t  p rope l l an t  system conf igura t ion  d i f f e r e n c e  between 
t h e  J and H series is  t h e  removal of t h e  p r o p e l l a n t  tank  
balance l i n e s  and o r i f i c i n g  of t h e  branch feed  l i n e s  f o r  t h e  
J-missions (LM-10 and s u b s ) .  

The primary e f f e c t  i s  a s h i f t  i n  

The LM J-mission conf igu ra t ion  

The m o s t  s i g n i -  

The geometry-physics of  CG effects on p r o p e l l a n t s  
i s  shown by Figures  3 t h r u  5. For  t h e  J-missions,  w i t h  t h e  
t h r u s t  vec to r  through an o f f s e t  CG, a d i f f e r e n t i a l  head 
e x i s t s  between t h e  two tanks .  The tank  wi th  t h e  l a r g e r  
e f f e c t i v e  head (h2)  w i l l  empty f a s t e r ,  and a r e s i d u a l  a t  
d e p l e t i o n  w i l l  develop i n  t h e  tank  wi th  t h e  l o w e r  e f f e c t i v e  
head which i s  d i r e c t l y  p ropor t iona l  t o  t h e  amount of v e h i c l e  
CG o f f s e t .  

The change i n  unusable p r o p e l l a n t s  as a func t ion  of 
CG o f f s e t  is shown i n  F igure  6 .  
f u e l  can be seen t o  have s e n s i t i v i t i e s  t o  CG o f f s e t  of 43 l b s / i n  
and 20 l b s / i n  r e s p e c t i v e l y .  
s e n s i t i v i t y  f a c t o r  i n  l b  c o s t / l b  added, a r r i v e d  a t  by adding 
one pound i n  t h a t  quadrant  [ a t  (Y,Z) = 54,54) i nches ] .  The 
assumptions and sample c a l c u l a t i o n s  f o r  each quadrant  are shown 
i n  F igures  11 t h r u  1 7 .  

The e f f e c t  on LM performance of removing t h e  LRV 
f r o m  Quad I o r  of adding 1 0 0  pounds t o  t h e  LRV i s  shown i n  
F igure  7 .  
c u r r e n t  weight.  
i n  c u r r e n t  weight which s h i f t s  t h e  v e h i c l e  CG l o c a t i o n  in-  
creases or  decreases  unusable p r o p e l l a n t s .  This  p r o p e l l a n t  
change w i l l  e i t h e r  i n c r e a s e  or decrease  t h e  l i m i t  weight by 
an amount d i f f e r e n t  t han  t h e  change i n  Quad I weight,  as 
i n d i c a t e d  i n  t h e  bottom por t ion  of F igure  7. 

The unusable o x i d i z e r  and 

The number i n  each quadrant  i s  t h e  

The weight margin is  de f ined  as l i m i t  weight minus 
The p o i n t  i s  made t h a t  an i n c r e a s e  o r  decrease  
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LM performance i s  s i g n i f i c a n t l y  a f f e c t e d  by payload 
weight changes which s h i f t  t h e  v e h i c l e  CG l o c a t i o n .  The 
s e n s i t i v i t y  f a c t o r s  from Figure 6 show a range of .72  t o  1.4 
pounds cost  per  pound added a t  t h e  p o i n t s  s e l e c t e d  i n  our  
example. The removal of t h e  LRV (484.06 pounds) from quadrant  
I (F igure  7 )  shows an inc rease  i n  weight margin of only 2 9 9 . 2  
pounds, i n d i c a t i n g  a s i g n i f i c a n t  loss i n  LM performance due 
t o  CG s h i f t  and t h e  i n c r e a s e  i n  unusable  p r o p e l l a n t s .  

The CG f a c t o r  and i t s  e f f e c t s  on unusable p r o p e l l a n t s  
should be considered when w e i g h t  changes are reviewed. The 
effect  on LM performance may be an important  f a c t o r  i n  t h e  
d e c i s i o n  process .  

2032-DMD-meh D. M. Duty 
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QUAD I I  

QUAD Ill 

QUAD I 

+z 

GOX 
He 

‘V 
FIGURE 2 



Y 

I \  

I 
I '  
I 
I 



I -i N c 1 -  

L-/ - 

z 
0 
v) 

i 
i 

U 

I r I c 

. 



6 2  
cia 

V LL 

I O n  
X 

In 
w 



0 ( 9 1  
I 
I 
I 
I 
I 
I 
I 

F I 
I 
1 . 

0 ( 9 1  --: 

r 
1 
I 

t 
c 

'"I: r 
N 
I 



n 
M 
w 

I- 
S 
(3 
W 
3 
W 
W 

- 

a 
bi 
E 
I- 

0 
v) 
W 
n 

a 
II II 

z 3  
+ I  
- 1  

I I  

L L  



0 
N 
-I 
w 
3 
L 

a 
-I 
(0 3 
5c 

- >  

N + 

/" 
/ 

/ 
/ 

00 
w 
K 

\ 
\ 



(3 z 
> 
K 

> 

- 
a 
w > a 

0 

w 3  I- 
c c  . .  
r G  
I - 2  zb! 
0 

i 
a 
n 
w - 
w z 
J 
K 
w 
I- 

0 

- 

5 

0 



A 

t; 
n 
m 

0 
3 

I- z 
4 
8 
-I 
W 

K 
Q 

6 
M 

> 
d r 

s 
a 
L 

8 
n 

I 
(3 

W 
Q 

c z 
W 

W 

0 
F 

0 c W 
-I 

2 
i 
a 
a > 
c 

-I 
-I 
W 

2 
n 

n 

E 

8 
K 
3 

K 
c z 
-I 
-I 
W 

- 

a 

n 
0 a 
n 

W 
-I 

n 
2 
c z 
W 

8 a 
> 
Q + 

2- d 



n 
n 
n a 

W 

v) w 
I 
0 z - 

0 - I- z 
w 
E 
w > 
0 
E 

I- z 
J 
J 
W 

K n 
J 

3 

v) 
W 
K 

z 
> 
I- 
J 
m 

a 

8 

a 
n 

n 
a 

- 

- - 
a 
9 
n a s 
a 

0 

> 
n 

I- 

K 
w 
K 
3 

H 

a 

k - 

n z 
3 n a - s 

n 

8 + K 
W n $- 

I - 6 
0 

v) 
W 
I 
0 z - 

n 

N 
>- 
u 

z - - x 
I 

n a 
u s 

m 
W 
I 
0 z - 

I1 II 
> N  

X 
0 k z 

U 

3 
U 

a 
n a 

> 
U 
J 

v) 
Y z 
I- 
a 

M 
0 
9 

I 
v 

II 

N 
c- 

J 
W 

2 E X 
0 
\ 
J 
w 
? 
a 
n z 

J 

3 

W 
K 

m 

II 
> 
I- 
> 
I- 
m z 
W 
v) 

- - - 

n a s 
k n 

v) 

z 
3 

n 

2 

n a 
0 + 
0 
n a s 

L 
LL 

\ 

6 c: 
W 
J 
0 - 

0 z > 
2 a n 

2 
I 
W > 
M 

G 
0 z - 

N d (D 



v) 

J 
0 

II 

m 

E 

2- 
n 

Q 
I- 
I 
(3 
W 
P 

- 
- 
I- 
K 
W z 
J a z 
0 

- 

- 
I- 

v) z 
0 - 
4 
Y a 

I- 

3 

o 

n n a 
c 

I- 
LL 

I 
v) 

o 

- 
6 
e 
W 
3 

(3 z 
I o 
I- z 
J 
J 
W 

K 

N 

n 

a 

a 

8 

W 

n 

2 
X 
m 
0 

0 
X 
0 

9 

z 

m 

Y 

v) 

J 

2 
c 

+ 
I1 
X 
0 

m 
W 
J 

3 
3 

n 
0 
N 
X 
m 
0 

8 
X 
0 z 
m 

Y 

v) 

J 

2 
I 
II 
J 
W 
3 
LL 
W 
J 

v) 
3 
z 

v) 

4 
m 

2 + 
II 
X 
0 
v) m 
J 

z 
2 
t 

c 

K 

0 - 
K 
W 
K 
3 
I- 
X 
E 
- 

v) 

-I 
m 

2 
+ 
I1 

I- 
Y 

e 
Y 
n 

LL " 
W 

o 
I- 

K - 

W 
(3 z 
I o 
a 

E 
3 - 
I- z 
J 
-1 
W 

K 
n 
z 
(3 
K 

E 

a 

8 
- 
a 
d 

X 
0 
v) m 
J 

2 
c 
+ 
II 

I- o 
W 
LL 
LL 
W 

6 
0 

" 
v) 

J 

00 

+ 
II 

m 

m 

9 

n 

Y 

E 
0 
K 
LL 
(3 z - 
n a 

z 
0 
J 
J 
W 

v) 

J 
m 

2 
N + 
J 

I- 
a 
e 

.. 
n z 
4 
e 
I - =  

8 

n 

E 
3 

Z J  

Y 

I1 

K 

- 
(3 11 
K 

E 
E 
0 
K 
LL 

W 
K 
3 -  u t  
W 
K E  
- 0  
Q K  

a 

n 
- 

2 "  
I- 2- 

-4 T 

8 x 
J 
J 
W 

m 

v) 

-I 
r- 
+ 
II 

m v) 

J 
r- m + 

m 

E 
0 
K 
LL 
4 
W 

2 
a 

n n a 

-1 

z 
0 
I- 
- - 



I 

E 
3 - 
I- z 
J 
W 

K 
n 
z 
c3 
K 

I 

4 
8 
- 
a 
z - 
W 
c3 z 
I 
0 
a 

5 z 
(D 

v) 

J 
rn 

+ 

.. 
n 

d 
v 

v) 

J 

t- 
v) 

rn 

I 

.. 
n 

In 
I 

H 
0 
K 
L 

v) 

J 
rn 
r 

I 

n r 
0 
W 
L 
L 
W 

6 
0 
I- 
3 
0 
I 
I- 
v 5 
> 
I- 

n a s 
a > 
n 
v) 
\ n 
z - 

h 

v) 

J 
rn 

N 

I 
cv 
t- 



. 



c 

9 
r 

+ 

8 
I 

K 
0 
L 

W 
n 
n a 
0 
J 
J 
W 

3s 

* 
m m 
'9 

I 

v) 

3 

K 

5 
3 



cz 
a 

8 a 
n 
A a 
3 n 
v) 
W a 
n 
a 

z 
J 
A 
W 

- 

z 

c - 
J - 
m a 
a 
n a 

a 

L 

0 

0 
> J 

L 

Lc! 
I 

+ I  

I +  

v) + 
0 w 
LL 
LL 
w 

6 
0 

W 
9 
I 

K 
0 
LL 

W 
n 
n a 

%C 

0 
J 
J 

LLO 

tD 
9 
I 

n 
n a s 
z z  

w 

J A  
w w  

vj m 

h! 
I 

E 
B 

n a 

a 

E 

J 
W 

F- 

II 

N 
II 

0 
> 
n 
t- 

E 
It 
3 
U 
W * 

J 



9 
r 

+ 

* 
0 
r 

"! 
I 

9 
r 

+ 

v) 

5 
2 
W 
K 

W 
U 

vj m 

q 
I 

-I 
0 

II 

N 
II 
n a 

a 
0 
> 
n 
I- z 
W 
-I 

-I 

a > 
2 
U w * 

- 



BELLCOMM, INC. 

Subject: LM Performance Variations 
from LM Center of Gravity 
Movement - Case 320 

NASA Headauarters 
J. M. Allman/MAT 
R. J. Green/MAL 
J. K. Holcomb/MAO 
C. H. King Jr./MAT 
C. M. Lee/MA 
A. S. Lyman/MA-2 
B. Milwitzky/MAL 
W. T. O'Bryant/MAL 
L. R. Scherer/MAL 
W. E. Stoney/MA 
D. A. Beattie/MAL 

MSC 
J. W. Craig/PD9 
R. H. Kohrs/PD7 
D. B. Pendley/PA 
J. R. Sevier/PD 

- 

MS FC 
S. F. Morea/PM-SAT-LRV 
J. M. Sisson/PM-SAT-LRV 

B e L l c o m ,  Inc. 

D. R. Anselmo 
A. P. Boysen, Jr. 
J. 0 .  Cappellari, Jr. 
J. P.Downs 
F. El-Baz 

DISTRIBUTION 

From: D. M. Duty 

Bellcomm, Inc. (Cont'd) 
D. R. Hagner 
W. G. Heffron 
J. J. Hibbert 
N. W. Hinners 
T. B. Hoekstra 
M. Liwshitz 
J. A. Llewellyn 
J. L. Marshall 
K. E. Martersteck 
R. K. McFarland 
J. Z. Menard 
J. J. O'Connor 
P. E. Reynolds 
J. A. Saxton 
P. F. Sennewald 
R. V. Sperry 
R. L. Wagner 
Department 1024 File 
Department 2032 
Central Files 
Library 


